Introduction
Living organisms are continuously exposed to magnetic fields at different doses in our modern world. The use of devices generating high magnetic fields in industrial processes, medical diagnostics, new vehicles for transportation and some research facilities is expected to expand significantly in the near future.
In the last years, there has been a substantial increase in human exposure to strong static magnetic fields, especially after the usage of magnetic resonance (MR) technology as a clinical method for imaging. With MR, a high static magnetic field has become a standard for imaging in the health sector. Today most of the MR systems are applied in 0.2 to 3.0 Tesla ranges and their use for imaging is becoming more and more widespread.
According to the U.S. Food and Drug Administration, static magnetic fields up to 8.0 Tesla which is used in clinical MR system, is considered harmless to humans. Accordingly, numerous MR procedures are being performed on all age groups, including pregnant women and newborns. However, many researchers found that the safety and the potential effects associated with MR systems and procedures are still under debate (1) (2) (3) . Due to the frequent use of high magnetic field and the controversial reports about the effects of static magnetic field, this study aims to investigate the potential genotoxic effects that might be produced by static magnetic field, using Allium cepa test.
A magnetic field is generated by magnetic materials or electrical currents. The geomagnetic field (the magnetic field of Earth) is due to its solid iron core and it is not constant. It varies at the surface from 26 micro-tesla (µT) from the equator to about 60 µT to the poles. Magnetic fields can be also produced artificially by medical imaging systems, power lines, electromagnets and everything that carries electric current. Due to the wide use of artificial magnetic fields, the level of magnetic fields exposure to humans may be considerably increased over the last century.
In Magnetic Resonance Imaging (MRI) field, different types of electromagnetic fields are used: 1. The static magnetic field used in this study, which aligns the axes of the proton, and creates a magnetization vector in the physical body, 2. The radio-frequency electromagnetic wave, centered at the proton resonant frequency and 3. The gradient magnetic field, producing different resonant frequencies for aligned protons that means different slices of the body will resonate at different frequencies contingent on their spacial positions on the axes; these gradient magnetic fields permit spacial localization of bidimensional MRI slices and so the reconstruction of three-dimensional MRI images (1) (2) (3) .
This study used the Allium cepa test to identify the biological effects of MR. This test is accepted as a practical and sensitive method to detect environmental genotoxic and mutagens (4) . This test is also enables to demonstrate the effects on DNA of the exposed organisms for various chemicals or other tested agents on DNA. The Allium cepa test has good correlativity compared with other test systems, such as mammalian test systems and also it is very sensitive. Actually, it has been accepted as a standard test to determine chromosomal damages affected by environmental and chemical agents (4) . One study showed 82% of correlation for Allium cepa test in relation to the carcinogenicity test in rodents showing that Allium cepa test was virtually the same as the one observed for mammalian test systems (5) . The Allium cepa test was found to be more sensitive than the Ames and the Microscreen tests (4) . In addition, another study reported that the Allium cepa test system is one of the best-constituted test systems to evaluate the potential of genotoxicity (6) . Thus, it is suggested that Allium cepa test is a good alternative to screen genotoxic potential of environmental chemicals.
Materials and Methods
We did not use any sample belongs to humans or animals in our study. For this reason ethics committee aproval or informed constent was not necessary.
Preparation of Allium Cepa Materials
Healthy bulbs of Allium cepa (onion) (4n=20) that were about the same size, were chosen. One control group (n=5) and 3 exposed groups (n=3x5) were placed on a plate. The onions were kept away from moisture and direct sunlight exposure. The outer shells of the bulbs were carefully peeled. Rooting was done in an incubator at 25±2 °C temperature without light. The control group was kept in the same conditions without any exposure to magnetic field.
Magnetic Field Exposure of Allium Cepa Materials
Allium cepa plants were placed at the back of the MR bore on a table in platters as is shown in Figure  1 with a red cross and then exposed to 0.5 tesla magnetic field (Philips Achieva 1.5 T). The strength of the magnetic field was measured with a specific device called Teslameter (Metrolab, presicion NMR Teslametre PT 2025, Switzerland) ( Figure 2 ). The intensity of magnetic field was confirmed to be 0.5 T at 112 mm of Z axis in the central bore ( Figure 1 ). Then the three groups of onions were kept in that location for 8, 24, and 72 hours.
Rooting of Allium Cepa Materials
Following the magnetic exposure, onions were placed into small tubes filled with tap water for rooting in an incubator set at 25±2 °C temperature without light. The control group was rooted under the same conditions without any exposure to magnetic field. Each group consisted of five onions.
Chromosomal Analysis
The roots were cut when they reached a length of 1.5-2.0 cm and were fixed for 24 hours at +40 °C within freshly prepared ethyl alcohol and glacial acetic acid (3:1) mixture. The roots were then washed with 70% ethyl alcohol and kept in a refrigerator immersed in 70% alcohol. Roots were hydrolyzed with 1N HCl (2-3 minutes) before examination and then stained with acetoorcein for 3-4 hours. Examination slides were prepared according to the squash method (7) and chromosomes examined under the microscope (Olympus BX51). Allium test was applied and at least 4.000 cell nuclei were examined for each group. The scorings were done in a blind way. The chromosomal aberrations were counted in each nucleus and some of them photographed (Figure 3 ).
Statistical Analysis
The statistical analyses were performed by scoring the dividing cells. Both mitotic index and chromosomal aberrations were analyzed. To determine the significance among mean values, One-Way ANOVA was used. The variance was normal.
Results
Examination of slides has shown that magnetic field exposure adversely affected mitotic activity compared to the control group. However, this effect was not found to be statistically significant between groups (p>0.05) ( Table 1) .
Chromosomal aberrations during mitosis following exposure of Allium cepa root tip cells to magnetic field was given in Figure 3 . Chromosomal aberrations increased in proportion to the in-creased time of magnetic field exposure. The most frequently encountered aberrations were C-metaphase stickiness, anaphase bridges, lagging chromosomes, fragments and polar deviations (Figure 3) . Comparing groups that were exposed to magnetic field 24 and 72 hours to 8 hours have shown that as the time of magnetic field exposure increased, aberrations were encountered more frequently. The groups were compared using one-way ANOVA test. The percentages of total aberrations were significantly different between the control group and 8, 24 and 72 hours magnetic field exposure groups (p<0.05). However, there was no significant difference when 24 and 72 hours exposure groups were compared (p>0.05). The statistical significance values are presented in Table 2 .
Discussion
Our study showed that static magnetic field brings about potential genotoxic effects on Allium cepa plant. Many chromosomal aberrations pointing to the presence of chromosomal breakage were seen in common Allium cepa exposed to a magnetic field when compared to the control. All these findings reveal that static magnetic field especially within the first 24 hours, result in chromosomal breakage and mitotic anomalies.
Although it was shown that magnetic field causes root elongation (8) , little is known about its genotoxic effect. These studies usually employed low electromagnetic fields (9) . In these studies, lowintensity magnetic field found in high voltage electric lines was shown to increase mitotic activity and chromosomal anomalies.
There were studies showing static magnetic field interaction with free radicals causing genetic mutations, supporting our findings (10) . However, these studies point out the difficulty in demonstrating the biological effect of static magnetic field (3) . Because Allium test method is accepted as a practical, fast, simple and easy method (11), we preferred this valid method to show the effect of magnetic field on biological tissues. This method has been used to evaluate DNA damages, such as chromosome aberrations and disturbances in the mitotic cycle (12) . The causes of chromosomal aberrations had collected in three groups (13) . In the first group, we see mitotic chromosomal aberrations such as C-mitosis, multipolarity, polyploidy and lagging chromosome due to the interaction of chemical substances with mitotic apparatus as spindle and aster fibers. The second group comprises chromosomal stickiness as the result of a physiological effect on chromosomes during division. Chromosomal breakage, chromosomal bridges, fragments, and micronucleus can be mentioned in the third group. C-mitosis was one of the aberrations observed in all three magnetic exposure times. C-mitosis is the cell phase where chromosomes are irregularly distributed in the metaphase. The employed magnetic field might have caused a disturbance in spindle fibers similar to colchicine. As a result, centromere division lags and chromosomes are paired (replicated) but could not separate from one another and are irregularly distributed within the cell. Such abnormalities in the metaphase could result in a decrease of mitotic index. C-mitosis has been encountered in many tests where physical and chemical agents were used (14, 15, 16) . These aberrations in metaphase may lead to a decrease in mitotic index. C-mitosis has been observed in many test materials exposed to various physical and chemical stresses. Another aberration we encountered was anaphase bridges. Chromosomal bridges are often the result of clastogenic effect from use of environmental and chemical agents or sticking of chromosomes in metaphase causing chromosomal breaking and fusion of chromosome and chromatids (17) . Irregular inversion and translocation of chromosomal segments may also lead to chromosomal bridges (18) . Chromosome bridges or inter-chromatid connections, are fibers that hold sister chromatids together until late anaphase or telophase. In other words, chromosomes could not be separated easily at anaphase because of these bridges. This abnormal state causes genomic instability. Sometimes, when connections become too stretched, chromatids might break at or near the centromeres (19) . This breakage may occur at different points in both sister chromatids resulting in chromosome like bodies called fragments.
It is accepted that static magnetic fields smaller than 1 T are not genotoxic (20, 21) . However, Suzuki et al. (22) found that micronucleus (a chromosome or a fragment of a chromosome that is not integrated by one of the daughter cell nuclei during cell division) frequency in mice were increased significantly in a dose dependent manner, when the mice exposed 2, 3, or 4.7 T static magnetic fields for 24, 48, or 72 h. Micronucleus frequency was significantly increased after 4.7 T and 3 T but there was no significant effect after 2 T exposure. Therefore, the study showed that higher magnetic fields may have induced directly or indirectly chromosome separation during cell division.
The mitotic index of the exposure groups differed from that of the control group according to the exposed magnetic field. Mitotic index was observed decrease to 2.44 in 8 hour exposure group compared to the control group, which had a mitotic index of 3.66. Although mitotic index in 24 and 72 hours exposure groups increased to 4.85 and 3.96 respectively, the difference was not statistically significant ( Table 1) .
The decrease observed in the mitotic index could be attributed to mitotic inhibition. Various physical and chemical factors could lead to disturbances in cellular loops. Fitzgerald and Brehaut (23) have proposed that the decrease in the mitotic index could be a result of inhibition of DNA synthesis. Van't Hof has pointed out that blockage or prolongation of the G2 phase of cell cycle delays or prevents the cell to enter mitosis (24) .
Although further studies are needed in cell cultures, mammals, and human tissue, the present study shows the effects of static magnetic field on cell division and chromosomes in Alium cepa plants. Revealing the relationship between magnetic field and plant responses may lead to further studies on mammals to explain how and why these chromosomal aberrations may occur. Despite numerous investigations, the connection between a magnetic field and cancer or any other diseases is not clear. However, from the past and present studies, it seems that exposure to prolonged static magnetic field may be capable of producing chromosome aberration. The reasons of increased number of chromosome aberrations may be thought to results from the damages in DNA in interphase caused by free radicals to defects in the processing of the signals because of the magnetic field.
Study Limitation
The biochemical differences between plants and mammals.
Conclusion
It seems that, in this study and the literature, magnetic field may affect living organisms negatively. Therefore, long exposure time of magnetic field must be avoided. There are studies reporting the systemic effects of the static magnetic field. For example, Ghodbane and colleagues (25) showed that the static magnetic field of 128mT, 1 hour/day induced apoptosis in rat liver and increased liver catalase activity. Abdelmelek et al. (26) showed that noradrenergic systems in rat's gastrocnemius muscles were affected and HSP72 levels were increased. Another study showed that static magnetic field had a possible effect on blood through enzymes release and the blood cell proliferation (27) . Observing adverse effects of high magnetic field on chromosomes makes one think whether this physical effect has any adverse effects on other living organisms, besides the target tissue. Therefore, more research is required to adequately understand the mechanisms associated with the static magnetic field used for imaging purposes.
